In the present study we have attempted to answer the question whether vasopressin and oxytocin are secreted together or independently. This subject has been a matter of controversy during the past 35 years. The great variety of methods used in measuring oxytocin and vasopressin activities, the variety of animal species studied, and the variety and magnitude of stimuli employed in different studies make it very difficult to compare results and to draw conclusions as to whether or not there may be independent release of these two neurohypophyseal hormones (1-5).
In the present study we have attempted to answer the question whether vasopressin and oxytocin are secreted together or independently. This subject has been a matter of controversy during the past 35 years. The great variety of methods used in measuring oxytocin and vasopressin activities, the variety of animal species studied, and the variety and magnitude of stimuli employed in different studies make it very difficult to compare results and to draw conclusions as to whether or not there may be independent release of these two neurohypophyseal hormones (1) (2) (3) (4) (5) .
The studies to be described in the present report have been performed in conscious women in whom several relatively mild stimuli known to act on the neurohypophysis were applied under carefully controlled conditions. In the absence of adequate methods for assaying oxytocin and vasopressin directly in plasma, both hormones were assayed by indirect methods that have gained general acceptance. The results strongly suggest that under appropriate conditions oxytocin and vasopressin are released independently of each other by the human neurohypophysis.
Methods
Studies in 29 women were carried out during the last weeks of pregnancy (36 to 40 weeks) or during the first week of puerperium, or both.
In preparation for the measurement of vasopressin activity, a constant degree of overhydration was induced by the oral administration of 10 to 20 ml of water per kg of body weight or the intravenous administration of a similar amount as 5% glucose in water. Urine was collected through an indwelling catheter every 15 min-* Submitted for publication January 27, 1964 ; accepted August 10, 1964. Presented at the Forty-fifth Annual Meeting of the Endocrine Society, Atlantic City, N. J., June 13, 1963. Supported by grant 59028 from the Rockefeller Foundation.
utes. Venous blood was collected for use in the determination of free water clearance (CH20), solute clearance (Cosm), and creatinine clearance (Ccr). Osmolality was monitored by the freezing point depression method (Fiske osmometer), and creatinine was measured by the method of Bonsnes and Taussky (6) . An increase in urine osmolality (decrease in CH20) without significant changes in CCr and Cos.1 was taken as evidence of vasopressin activity (antidiuretic response) (7) .
In late pregnancy, oxytocic activity was assayed by monitoring intrauterine pressure by the method of Caldeyro-Barcia and associates (8, 9) . A thin polyethylene catheter was inserted into the uterine cavity through the anterior abdominal wall and connected to a pressure transducer and a Sanborn Poly-Viso recorder. This procedure has, with long experience, proved to be innocuous. Uterine or "oxytocic" activity was expressed in Montevideo units, representing the product of the amplitude of the contractions in millimeters of mercury multiplied by the frequency of the contractions during a given period (8, 9) . During the puerperium, oxytocin was assayed by the measurement of intramammary pressure or "milk-ejecting pressure" by the method of Sica-Blanco and co-workers (10) . The procedure and equipment were similar to those used for measuring uterine activity. The outer orifice of a mammary duct was located by gentle manual expression of the nipple, and a lacrimal duct explorer (no. 00-0) was introduced to dilate the duct. Then, a polyethylene catheter (i.d. .023 inch, o.d. .038 inch) filled with water and connected to the pressure detecting device was introduced about 1 to 2 inches and left in place in the dilated duct. The area under the curves recorded was measured and expressed in square inches. This method is more specific and more sensitive than the uterine test for oxytocin activity.
Stimuli used were suckling and duct dilatation of a mammary gland, nicotine (as salicylate), and 3% sodium chloride.
Exogenous hormones used as assay reference standards were synthetic oxytocin (Syntocinon) and vasopressin (aqueous Pitressin).
To evaluate the statistical significance of the differences between control values and values during antidiuretic and oxytocic/milk-ejecting responses to stimuli, the Student t test was used. In this analysis, the data on oxytocic and milk-ejecting responses were handled together, but as they were originally expressed in dif- perimental manipulations to be used to evoke secretion of either vasopressin or oxytocin would modify the physiologic response to the alternate hormone. By using intramammary pressure recordings, dose-response curves were established for oxytocin during water diuresis, during nicotine-induced antidiuresis, and during hypertonic saline-induced antidiuresis. These maneuvers had no appreciable effect on the mammary response to oxytocin (Table II) . Similarly, the uterine response to oxytocin was unaltered by nicotine or hypertonic saline (Table I) . Conversely, the antidiuretic responses to vasopressin were unaltered by suckling (Table III) .
On the basis of these preliminary studies, we concluded that, if vasopressin and oxytocin are actually secreted separately by the human neurohypophysis, we should be able to demonstrate this fact, using as indexes of hormonal activity changes in intramammary or intrauterine pressure, on the one hand, or changes in water diuresis, on the other. Figure 4) . These mammary and uterine responses corresponded to the effect of approximately 100 mU of oxytocin, as directly tested on these patients. The lack of antidiuretic response was consistent with the view that less than 15 mU of antidiuretic hormone was secreted in response to suckling.
As another stimulus to oxytocin secretion, dilatation of a mammary duct in the gland opposite to that used for recording was employed. Duct dilatation was used 11 times in nine subjects. In response to duct dilatation during the puerperium there was a reproducible and marked increase in intramammary pressure, but there was no concomitant antidiuresis. During late pregnancy there was a marked increase in uterine activity but no concomitant antidiuresis ( Figure 5) .
We 2) Physiologic stimulation of vasopressin secretion. As a stimulus to vasopressin secretion, nicotine (1.0 mg, iv) was injected 11 times in nine subjects. Nicotine caused marked antidiuresis both in the puerperium and in late pregnancy, but had no appreciable effect on intramammary pressure or uterine activity ( Figure 6 ). These results corresponded to the effect of approximately 300 mU of Pitressin and to less than 0.2 mU in the puerperium and less than 50 mU of oxytocin in late pregnancy.
As a second stimulus to vasopressin secretion, 3% saline, 10 ml per kg of body weight, was infused intravenously for 15 to 30 minutes, 9 times in seven subjects. This amount produced a rise in plasma osmolality of about 3% (10 mOsm per kg). Hypertonic saline caused marked antidiuresis both in the puerperium and in late pregnancy but had no appreciable effect on intramammary pressure or uterine activity ( Figure 7) .
We conclude that nicotine and hypertonic saline stimulate the release of physiologically significant quantities of vasopressin without release of appreciable quantities of oxytocin.
The performance of a complete experiment is illustrated by Figure 8 . 
Discussion
Insofar as is possible with indirect assays, these studies demonstrate that oxytocin and antidiuretic hormone can be released separately as the result of different stimuli to the neurohypophysis. Suckling and mammary duct dilatation appear to be powerful stimuli to oxytocin release but not to vasopressin release. Nicotine and hypertonic saline appear to be potent stimuli to vasopressin release but not to oxytocin release. These facts strongly suggest that in man oxytocin and vasopressin are released independently and that the pathways to the neurohypophysis or the releasing mechanisms, or both, are different for these two hormones. Evidence presented by La Bella, Beaulieu, and Reiffenstein (12) for the existence of separate vasopressin and oxytocin-containing granules in the beef neurohypophysis supports the above concepts.
There is still further evidence to suggest that multiple mechanisms might be involved in the release of antidiuretic hormone. For example, it has also been demonstrated that in man there can occur a failure to respond to hypertonic saline even though the capacity to release antidiuretic hormone in response to nicotine is preserved (13) (14) (15) . Furthermore, hydrocortisone in physiological amounts can inhibit the action of nicotine on the neurohypophysis but not the action of hvpertonicity (15, 16) .
Bioassay technics for vasopressin and oxytocin are full of pitfalls and, when applied to human plasma, they lack specificity and sensitivity. The present investigation, therefore, has been carried out by various indirect methods. For the particular purpose of studying the release of neurohypophyseal hormones, the subject's own changes in uterine, mammary, and renal activities in response to stimuli known to act on the neurohypophysis seemed to be among the most adequate available experimental approaches.
Since such indirect procedures were used in our studies, some discussion on the specificity of the methods is mandatory. The lack of peripheral interaction between oxytocin and vasopressin in regard to their oxytocic/milk-ejecting and antidiuretic' activities was demonstrated. Oxytocin did not inhibit or potentiate the antidiuretic action of vasopressin, and vasopressin did not inhibit or potentiate the oxytocic-milk-ejecting activities of oxytocin. Therefore, if both hormones were simultaneously released in adequate amounts, a full response should have been detected concomitantly in the uterus, mammary gland, and renal tubules.
In the rabbit Cross (17) has shown a sympathetic-adrenal inhibition of the milk-ejecting response to oxytocin. Since nicotine causes sympathetic and adrenal medullary discharge, the question might be raised as to whether in our experiments the lack of milk ejection after nicotine necessarily proved that oxytocin had not been released. It was clearly shown in our subjects, however, that nicotine did not alter the milkejecting response or the uterine response to threshold doses of oxytocin.
There is ample evidence that hypertonicity (18) and nicotine (19) result in vasopressin release, and it is logical to conclude that the antidiuretic responses to those stimuli in our experiments were mediated by vasopressin. The lack of antidiuresis after nicotine and 37c NaCl (13) in diabetes insipidus and in vasopressin-resistant subjects is further evidence that the antidiuresis in these studies was mediated by vasopressin. Furthermore, the antidiuresis resulting from neurohypophyseal stimulation can be reproduced in all of its characteristics by exogenous vasopressin.
There is convincing evidence that endogenous oxytocin in mammals mediates milk ejection (1, 2, 20) and influences uterine contractility (1, 20, 21) . These two actions of oxytocin were used in our studies as indexes of the release of this hormone in response to suckling, a stimulus known to produce oxytocin release from the neurohypophysis (2) . In response to suckling and to duct dilatation there were marked increases in both uterine and mammary activities. This sug-gests that oxytocin was the mediator of uterine and mammary gland responses in our experiments. Uterine and mammary gland responses after suckling and duct dilatation can be reproduced with exogenous oxytocin. The long period of latency (0.8 to 2.0 minutes) for the milk-ejecting and uterine responses after suckling or duct dilatation also suggests that the responses are humorally mediated. No artifacts (tilting, outside pressure, washing of the catheter, patient movements, etc.) could mimic the mammary gland responses to oxytocin or suckling. It has previously been reported that other physiological substances such as acetylcholine, serotonin, histamine, angiotensin, and bradykinin produce an increase in intramammary pressure only if they are present in greatly supraphysiologic amounts (2) . These points provide evidence for the specificity of mammary gland responses to oxytocin in the human female. Changes in uterine activity as an indicator of oxytocin release are less specific and more difficult to analyze than are the changes in intramammary pressure. An excellent account of the action of oxytocin on the human uterus has been presented by Caldeyro-Barcia (8).
Methodological differences may explain some of the discrepancies encountered when comparing the present study with those previously reported. Several workers have used changes in urine flow in the hydrated animal as an indication of vasopressin release. It is well known that many factors besides vasopressin may decrease urine volume. Therefore, the concomitant determination of glomerular filtration rate, solute excretion, and free water clearance was performed in the present study to provide assurance that the changes in urine flow had all of the characteristics of a vasopressin effect.
A second important factor to consider is the variety of animal species used in different studies. There are great differences, for example, between the mammary gland responses of the rabbit and those of the human female to injections of oxytocin, Pitressin, and acetylcholine. Women respond to 0.2 to 1.0 mU of oxytocin; Pitressin, 100 mU, iv, produces a response equivalent to 1 mU of oxytocin, but acetylcholine (hydrochloride) in doses of less than 50.0 mg, iv, does not produce an increase in mammary pressure. Rabbits respond to 1.0 mU of oxytocin; vasopressin, 5.0 mU, iv, produces a response equivalent to 1.0 mU of oxytocin (4, 22) , and acetylcholine (hydrochloride), 0.005 mg, iv, does produce a definite increase in intramammary pressure equivalent to that obtained with 1 to 2 mU of oxytocin.
With such species differences in the specificity and sensitivity of the mammary gland to oxytocin, it is difficult to make a proper comparison between results obtained in man and the rabbit when milk ejection is used as the criterion for oxytocin release.
A third important consideration is the nature and magnitude of stimuli employed. Our results are in full agreement with those reported by Cross (23) and Pickford (24) (22) . Andersson (25) had to give even higher amounts of hypertonic solution of NaCl in goats to obtain milk ejection. We cannot explain, in the light of our experiments, the report that the intravenous administration of hypertonic saline in amounts and concentrations similar to those we used caused concomitant antidiuresis and increase in uterine ac- tivity in the dog (26) . Important factors might have been the species difference and the intensity of the osmotic stimuli, since the threshold of the antidiuretic hornmone release was lower than that of the oxytocin release. Our results fully agree with the observations of Theobald (27) and Dicker (28) , who failed to modify uterine activity in pregnant women by producing changes in plasma osmnolality.
Nicotine has been reported to produce the release of both hormones in man (29) . Since those experiments were carried out in dehydrated subjects and since direct bioassay technics were employed, a proper comparison with our experiments is difficult to make. Similarly, it has also been reported that nicotine in rats produces an increase in the oxytocic activity in blood (30 
